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I, Denisa D. Wagner, declare that: 




1. I am a Professor in the Department of Pathology at 
Harvard Medical School, and Senior Investigator at The Center for 
Blood Research, Boston, Massachusetts. My Curriculum Vitae is 
attached as Appendix I. I am an inventor of the above-identified 
application. I am highly skilled in the art regarding the 
subject matter to which the above-identified application pertains 
and am aware of the knowledge of the ordinary person skilled in 
the art. 

2. I have examined the Office Action for the parent 
application Serial No. 08/377,798 dated November 13, 1996, for 
the above-identified continuation application. I am familiar 
with the present claims of this application which are directed to 
methods for treating or inhibiting atherosclerosis in a mammal by 
administering an agent which inhibits interaction between 
P-selectin and a ligand P-selectin and between E-selectin and a 
ligand of E-selectin. 



3. I am familiar with the prior art cited by the Examiner: 
Kogan et al., Rao et al., Seekamp et al., Ross, Rohrer et al. and 
DeAmbrosi. 
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4. Based on my background, training and experience in this 
field, it is my opinion that it is not inherent that every agent 
which inhibits interaction between P-selectin and a P-selectin 
ligand also inhibits interaction between E-selectin and an E- 
selectin ligand. It was known in the art at the time that the 
parent application was filed, that in fact there are agents which 
inhibit P-selectin but not E-selectin, and agents which inhibit 
E-selectin but not P-selectin. See , e.g. , attached Exhibit A: 
Cecconi et al., J. Biol. Chem. 269:15060-15066 ( 1994 ) (describes 
agent which inhibits P-selectin but not E-selectin), and Exhibit 
B: Lenter et al., J. Cell Biol. 125:471-481 ( 1994 ) (describes 
ligands which bind to P-selectin but not to E-selectin and other 
ligands which bind to E-selectin but not to P-selectin). 

5. Based on my background, training and experience in this 
field, it is my opinion that it was not obvious at the time that 
the parent application was filed for one skilled in the art to 
select agents which inhibit both P-selectin and E-selectin for 
enhanced effectiveness in treating atherosclerosis. It was not 
known in the art at that time that both E- and P-selectin are 
involved in cardiovascular disease and chronic inflammation. 

6. Based on my background, training and experience in this 
field, it is my opinion that an important distinction exists 
between "acute inflammation" and "chronic inflammation." See , 
e.q> , attached Exhibit C: Robbins, in "Pathologic Basis of 
Disease," 5th Ed., R.S. Cotran, M.D., V. Kumar, M.D. and S.L. 
Robbins, M.D., W.B. Saunders Co., Philadelphia, PA, pp. 51-76 
(1994). "Acute inflammation" is of relatively short duration and 
is involved in processes such as wound repair, infection and 
reperfusion injury. It involves mainly recruitment of 
neutrophils. "Chronic inflammation," on the other hand, is of 
longer duration and is associated predominantly with the 
recruitment of monocytes and T-cells. As is known to one skilled 
in the art, atherosclerosis is a special example of chronic 
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inf lammation. This specificity of recruitment^ combined with 
smooth muscle cell proliferation and dependence on cholesterol 
ingestion by the monocytes /macrophages, makes atherosclerosis a 
unique process. At the time that the parent application was 
filed, there were no known adhesion receptors that were specific 
for recruitment of monocytes and T-cells. 

7. Based on my background, training and experience in this 
field, it is my opinion that it was known to one skilled in the 
art at the time that the parent application was filed, that 
P-selectin was a receptor that mediated rolling of many types of 
white blood cells, was rapidly expressed on activated cells, and 
was stored in preformed granules that could be. rapidly released 
from these cells. Moreover, as was known by one skilled in the 
art at the time, P-selectin was involved in early recruitment of 
neutrophils in experimentally-induced inflammation. See attached 
Exhibit D: Mayadas et al., Cell 74:541-554 ( 1993 ) (recruitment of 
neutrophils was delayed in P-selectin-def icient mice for two 
hours and then occurred at a rate identical to wild- type mice). 
Similarly, delay in the recruitment of neutrophils in wound 
healing has been reported to occur only in the first two hours in 
P-selectin-def icient mice after injury. See attached Exhibit E: 
Subramaniam et al.. Am. J. Pathology 150:1701-1709 (1997). And, 
recruitment of macrophages three to seven days post wounding has 
been reported to be normal in P-selectin-def icient mice, with 
wound healing occurring at the same rate as in wild- type mice. 
See attached Exhibit E: Subramaniam et al.. Am. J. Pathology 
150:1701-1709 (1997). It is my opinion that to a person skilled 
in the art, these results indicate that P-selectin plays a role 
in acute inflammation and injury, but not in chronic processes 
such as atherosclerosis. 

8. Based on my background, training and experience in this 
field, to the best of my knowledge the first published indication 
that P-selectin plays a role in long-term chronic inflammation 
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came in 1995, after the filing date of the parent application. 
See attached Exhibit J: Johnson et al., Blood 86:1106-1114 (1995) 
which showed reduced macrophage recruitment 48 hours after 
induction of experimental inflammation. See also attached 
Exhibit F: Subramaniam et al., J. Exp. Med. 181:2277-2282 (1995). 
This paper reported that recruitment of inflammatory cells, 
including CD4"^ T cells, in a contact hypersensitivity response, 
was reduced in P-selectin-def icient mice. This result was a big 
surprise to those skilled in the art. 

9. Based on my background, training and experience in this 
field, to the best of my knowledge it was not until 1997, after 
the filing date of the parent application, that the first 
published report appeared demonstrating a role for any adhesion 
receptor molecule, and specifically for P-selectin, in 
atherosclerosis. See attached Exhibit G: Johnson et al., j. 
Clin. Invest. 99:1037-1043 (1997). 

10. Based on my background, training and experience in this 
field, it is my opinion that a role for P-selectin in chronic 
inflammation such as atherosclerosis was contrarv to the state of 
knowledge of those skilled in the art at the time that the parent 
application was filed, and was certainly not "obvious" to those 
skilled in the art. 

11. Based on my background, training and experience in this 
field, it is my opinion that a role for E-selectin in chronic 
inflammation such as atherosclerosis was not experimentally 
supported at the time that the parent application was filed. 
Indeed, even as of the instant date, no defects in any 
inflammatory or wound healing models have been reported for 
E-selectin-def icient mice unless antibodies inhibitory of 
P-selectin are also used. See attached Exhibit K: Labow et al., 
Immunity 1:700-720 ( 1994 ) (published after the filing date of the 
parent application). 
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12. Based on my background, training and experience in this 
field, to the best of my knowledge, it was not until 1996, after 
the filing of the parent application, that it was reported, by 
myself and others, that major defects existed in P- and E- 
selectin double deficient mice. See attached Exhibit H: 
Frenette et al., Cell 84:563-574 (1996), and attached Exhibit I: 
Bullard et al., J. Exp. Med. 183:2329-2336 (1996). These papers 
showed conclusively for the first time that the two endothelial 
select ins, P and E together, are crucial for leukocyte 
recruitment to sites of inflammation. Prior to these papers, 
these selectins were known to be involved in leukocyte rolling 
(with minor or no consequences on leukocyte recruitment) ( see 
attached Exhibit D: Mayadas et al.. Cell 74:541-554 (1993)), and 
it is my opinion that it was believed by persons skilled in the 
art that it was the adhesion molecules responsible for leukocyte 
firm adhesion to endothelium (belonging to the immunoglobulin and 
integrin family of receptors), that were crucial for the final 
transmigration of leukocytes to sites of inflammation in the 
tissues . 

13. Based on my background, training and experience in this 
field, it is my opinion that a role for E-selectin in 
atherosclerosis had not been shown at the time that the parent 
application was filed. 

14. Attached hereto as Exhibit L are five figures 
illustrating the results of experiments performed in my 
laboratory which support the surprising and unexpected results 
obtained from mice being deficient in both P-selectin and E- 
selectin, as opposed to being deficient just for P-selectin, in 
inhibiting atherosclerotic lesions on arterial walls. 
Experimental protocols were performed as described in Exhibit G: 
Johnson et al., J. Clin. Invest. 99:1037-1043 (1997). Fig. 1 
illustrates that the size of aortic sinus lesions in LDL-receptor 
(LDLR) -deficient mice on an atherogenic (high cholesterol and 
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fat) diet is significantly smaller in P- and E-selectin double 
deficient mice than in wild-type or just P-selectin-def icient 
mice. Fig. 2 consists of photographs of entire aortae of LDLR- 
def icient mice on an atherogenic diet, and illustrates that the 
percentage area of the aortae that have atherosclerotic lesions 
is significantly smaller in P- and E-selectin double deficient 
mice than in wild- type mice. Fig. 3 illustrates that there are 
significantly smaller aortic sinus lesions in LDLR-def icient mice 
on an atherogenic diet in P- and E-selectin double deficient mice 
than in wild- type or just P-selecin-def icient mice. Fig. 4 
illustrates that the size of atherosclerotic lesions in the 
aortic sinus of LDLR-def icient mice, as a function of the length 
of time on an atherogenic diet, is significantly smaller for up 
to at least 37 weeks, in P- and E-selectin double deficient mice 
than in wild- type or just P-selectin-def icient mice. Fig. 5 
illustrates that the percentage of mice with calcification in the 
aortic sinus of LDLR-def icient mice on an atherogenic diet, is 
significantly less in P- and E-selectin double deficient mice 
than in wild type mice. 

15. Based on my knowledge, training and experience in this 
field, it is my opinion that no combination of the cited prior 
art teaches or suggests a method for treating or inhibiting 
atherosclerosis by providing an agent for inhibiting interaction 
between P-selectin and a ligand of P-selectin and between E- 
selectin and a ligand of E-selectin. Nor does any combination of 
the cited prior art suggest the advantages that are present in 
applicants' invention. 

I further declare that statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
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imprisonment, or both, under §1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize 
the validity of the above-identified application or any patent 
issuing thereon. 

Date: ^^ Z5^^-^-K ^ . M^P^^fyU yj^ 

DENISA D. WAGNER, Ph.D. 

392638 1.WP6 
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ADDRESS: The Center for Blood Research 
Harvard Medical School 
800 Huntington Avenue 
Boston, MA 021 15 
Phone: (617)278-3344 
FAX: (617)278-3368 

BORN: Prague, Czechoslovakia - December 30, 1950; U.S. Citizen 

EDUCATION: Universite de Geneve, Switzerland - Biochemistry 
Diploma of Biochemistry, 1975, with distinction 

Massachusetts Institute of Technology. Cambridge, MA 
Biology -Ph.D., 1980 

FACULTY POSITIONS: 

Professor o f Pathology. Harvard Medical School, Boston, MA. 
1997-present. 

Associate P rofessor of Pathologv. Harvard Medical School, Boston, MA. 
1994-1997. 

Senior Investigator The Center for Blood Research, Boston, MA. 
1994-present. 

Associate P rofessor of Anatomv and Cellular Biology. Tufts University 
School of Medicine, Boston, MA. 1989-1994. 

Associate Professor of Medicine. Tufts University School of Medicine and 
Member. Sp ecial and Scientific Staff. New England Medical Center, 
Boston, MA. 1987-1994. 

Assistant P rofessor of Biophysics. University of Rochester School of 
Medicine and Dentistry, Rochester, New York. 1985-1987. 

Assistant P rofessor of Medicine, University of Rochester School of 
Medicine and Dentistry, Rochester, New York. 1982-1987. 

Senior Inst ructor in Medicine. University of Rochester School of Medicine 
and Dentistry, Rochester, New York. 1981-1982. 

AWARDS: Established Investigator Award, American Heart Association, Biosynthesis of 
von Willebrand protein by endotfielial cells. 1 986- 1 99 1 . 



Xlth ISTH Congress award in recognition of an outstanding conununication, 1987. 
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1980-Present 
1982-Present 
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1985-Present 
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American Society for Cell Biology 

American Society of Hematology 

International Society of Thrombosis and Haemostasis 

Council on ITirombosis, American Heart Association 

International Society of Thrombosis and Haemostasis, 

subcommittee on von Willebrand factor 

American Heart Association, Vascular Wall Biology Study 

Conmiittee 

American Heart Association, Council on Hirombosis Executive 
Committee 

American Heart Association, Council on Thrombosis Long- 
Range Planning Committee 

American Heart Association, Council on Thrombosis 

Membership Conmiittee (Chairman) 

American Association for the Advancement of Science 

North American Vascular Biology Organization 

American Society of Hematology, Scientific Subcommittee on 

Thrombosis 

North American Vascular Biology Organization, Councilor 



1993- Present Molecular Biology of the Cell 

1 994- Present Journal of Clinical Investigation 
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inhibit leukocyte roUing (31-33) and inflammation in vivo (29) 
logether. these observations suggested the possibility that 
multiple phosphate or sulfate groups can contribute to the for. 
mauon of hgands for at least two of the selectins. In the present 
study we attempt to better define seiectin interactions with 
polyphosphaied or polysulfated structures. We focused on ino- 
sitol poiyanions. simple 6-carbon ring structures derived from 
D.mya.mositol (l,2.3,5-trans-1.6 cyclohexanehexol) by esterifi. 
cauon with phosphate or sulfate groups (Fig. 1). The effects of 
inositol poiyanions on seiectin function were examined using a 
direct binding assay (competition EUSA). as weU as several 
assays measuring selectin-dependent ceU adhesion Finally 
inositol poiyanions were tested in vivo in two mouse models of 
pentoneal inflammation and in a rat model of lung inflamma- 
tion. ** «**u*a 

MATEJUALS AND METHODS 

Xn?(^I^^^r^^^^ (dodecasodium salt), InaS, (hexapotasaium aait). 
In3(1.4.5)P3 potassium salt), inositol 1-monophosphate (cyclohexylam^ 
moruum salt) myo-inositol. 2.3.bispho8phoglycerate (pent^dium 
salt), pentasodium tripolyphosphate hexahydrate <Na,P,OJ. and tri- 

n T ^T^^n^'f?^^ ^^""^^^^^ Sigma! LI was aUo 

parehased from Calbiochem (La Jolla, CA). as were InsP, (d^casodium 

rt^T'^''.r'^K^ 1"^'^'^^ '^''^ Inst3.5.6)P, (trilithium^^d 
GroPIns (lithium salt), o-glucose 2.3.4,6.tetrakisphosphate was synthe- 
sized startmg from a-o-giucose. which was converted to the benzvl 
a-o-giucopyranoside. Polyphosphitylation with dibenxyl N/^^ethy\ 
phosphorous amidite and tetrazoie (34) foUowed by in situ oxidation 
Tsll'LT'i" ^^i'f^^^^^^y P^-tect^i benzyl a-o-glucopyranoside 
2.3,4.6.tetrakia (dibenzyl) phosphaU in good yield (73%). Benzyl pro- 
tecting groups were quantitaUvely removed by catalytic hydrogenation 
with H on Pd/C (10%) to give pure D-glucose 2.3,4,e.tetrakisphosphate 
as the free and. Ail producta gave satisfactory »H NMR. "P NMR, and 
fast atom bombardment mass spectra. 

Stock solutions to be used for animal experiments were freshly pre- 
M 'nu^"^^"" pyrogen.free 0,9% xVaCl (saline; Abbott Laboratories 
North Clucago, ID, adjusted to pH 7 A with HCl. and steriUzed by 
o^^^.)im filtrauon. Endotoxin content was tested using a quantitative 
chromogemc limulus amebocyte lysate assay (LAL, Whittaker Bioprod- 
ucts» Inc., WalkersviUe. MD). ^ 

Protein^ and Anntocites-^Iectin- immunoglobulin fusion . proteins 
^selectm-Ig) are recombinant chimeric molecules containing the lectin 
domam, epidermal growth factor repeat, and one iL-selectin-Ig). two 
iP-selectin-Ig), or six (E-selectin-Ig) complement regulatory repeats 
T^^nf^^^"" ^"^^ regions of human IgGl (3. 6 

3o^7). Selectin.Ig cDNAs in pCDM7 and pNUT vectors allowed tran-' 
sient expression in COS-l cells (38) and stable expression in baby ham- 
ster kidney cells (39). respectively Selectin-Igs were affinity-purified 
from culture media using protein A-agarose (Pierce Chemical Co ) or 
protein G-Sepharose (Pharmacia LKB Biotechnology Inc.) (38). BSA- 
sLe was kindly provided by Chembiomed. LTD (Edmonton. Alberta 
Canada). Horseradish peroxidase-conjugated goat anti-human IgG(Fc- 
speafic) antibody was from Jackson Immunoresearch Laboratories Inc 
(West Grove. PA). Fluorescein^njugated anti-human IgG antibodv 
was from Cappel (Durham. NO. BSA(Pentex Fraction V. protease-free) 
was from Miles. Inc. (KankaJcee. IL). Anti-E-selectin mAb HlBH (pro- 
tern A-punfied antibody) was generated by immunization of mice with 
human endothelial cells (40). The following murine mAbs were provided 
as gifts: anti-P-selectin mAbs Gl fprotein A-purified antibody, from R. 
McEver. Oklahoma City, OK) (41) and anti-L-selectin mAb LAM 1 3 
(ascites, from T. Tfedder, Boston, MA) (42). 

Competition £USA— Competition ELISAs using P- and E-selectin-Ig 
nM) were performed essentially as described (6). Briefly poly- 
styrene microwell plates (cat. 25801, Coming Glass, Newaric, CA) were 
coated with uncoiyugated BSA or BSA-sLe' neoglycoprotein (0.11 ugf 
well in 75 ul of 50 mM sodium carbonate/bicarbonate buffer. pH 9 5) by 
incubation overnight at 4 'C. Wells were washed and blocked with 20 
mg/ml BSA in assay buffer (20 mn HEPES pH 7.4, 150 mu NaQ, 2 mM 
CaCl,). p. and E-selectin-Ig and serially diluted test compounds were 
incubated in BSA-aLe"-coai€d wells for 3 h at room temperature. After 
washing with assay buffer, peroxidase-conjugated goat anti-human IgG 
antibody r 1:3000) was added to the wells and incubated for 30 min.. 
Wells were washed and incubated with a chromogenic substrate for 
peroxidase (o-phenylene-diamine dihydjochloride, 0.8 mgfmX) in 50 mw 
sodium derate. 50 mM sodium phosphate buffer (pH 5,0) containing 
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0^015% (voVvol) H,0^ Bound selectin-Ig was determined by measuHn. 
the optical density at 450 nm at intervals of 12-30 s in a V t«;«1 » ' 
reader (Molecular Devices. Inc, Menlo Park, CA>, an enTpSete^ 
rmnation at 490 nm was made after stopping the color developmenriL' 
the hnear range by addition of 4 n H^,. SpeciEc binding to BSA^lT' 
determined by subtracting the signal generated in wells coated 
with unconjugated BSA incubated with 20 nM solutions of selecting 
C typicaUy less than 10% of the maximal signal). For L-selectin-Ie (2) 20 
nM fusion protein was allowed to form multimeric aggregates ^th wr- 
«Klase<onjugated anti-immunoglobulin antibody (1:6,000) for 30 min 
before mcubation with the inhibitors on the BSA-sLe'^ated plate 
Subsequent steps were as described above. IC« values (concentrations 
of compound that reduced selectin-Ig binding to 50% of the maximal) 
were calculated by fitting data from a titration curve to the equation- 
traction of maximal binding * IC ' 



, ^ « --'so + <iCso + tcompoundl) using nonlin- 
ear least squares analysis software (Origin, Microcal Inc., Northamp- 

^e/i»««<:^CttWComitr£ons«HumanLSl80 colon carcinoma cel^^ 
hunjan HLW promyelocytic leukemia cells, and SV40-transformed sim' 
lan bdney fibroblast COS-l ceils were purchased fr^m American tVpe 
Culture CoUection (Rockviile, MD) and maintained in culture as rT- 
ommended. Baby hamster kidney cells were cultured in Dulbecco's 
modified Eagle's medium/F-12 (Whittaker) containing 10% fetal bovine 
^(FBS;Hyclone^^Ix>gan.UT)andsubcult3 
Ttechnolo^es, Inc.). Primary cultures of human umbiUcal vein endothe- 
hal ceDs (HUVEC) were obtained from Clonetics Corp. (San Die^^^^ 

^^r^^^^"".^^:^ i99(Lifelfechnologie8,Inc.)cont^ 
20% FBS 50 ug/ml endothebal ceU growth supplement, and lOO^is^ 
heparm (Sigma) and subcuitured (1:3 spUt ratio) using tiypsinArerfene 
(Ltfe Technologies. Inc.). HUVEC were used for adhefioH^Srtl 
at passage 2-4. PMN were prepared from EDTA^anticoagulated blood 
by sodium raetnzoate^extran density gradient centrifugation (Poly- 

pPBS (without Ca^* and Mg**, Whittaker) at room temperature. Con- 
taminatmg red blood ceUs were lysed by a brief exposure (30 s) to 
hypotonic buffer (ice<old DPBS diluted 1:10 in sterile distilled water) 

n n tl^^*^*" ^ ^^^^^ hypertonic DPBS 

1 O x Whittaker). PMN were washed by cen trifugation in ice-cold DPBS 
(Without CaJ- and Mg^*) and suspended in ice^ld 1% human serum 
albunun(HSA; Cat. S2U0O, Alpha aiierapeutic Corporation, Los Ange- 
les, CA) m RPMI 1640 medium (Whittaker). 

LSm CeU Adhesion to Protein A-captured Selectin-lg^CeU adhe- 
sion assays on immobilized selectin-Ig were performed essentially as 

n^^^v ' M ^"'^.f' ^"''"^"^ ^"""^ "^^-^11 Pl^^ tCat 
u u.!:''^''* Naperville. ID were coated overnight at 4*0 with 5 
Hl/well 50 mM sodium carbonate buffer (pH 9.5) containing recombinant 
protem A(10 pg^ml. Chemicoa Temecula. CA). Protein A-coated plates 
^^noo^ ""^^ incubated for 1 h with L-, P-. or E-selectin-Ig 

^^.t^^i^' ^ respectively), washed again, and blocked 

with DPBS containing 1% HSA LS180 cells were harvested by brief 
tr3T>simiation. washed twice by centrifiigation, and suspended at 1 5 x 
10 cells/ml in DPBS containing 1% HSA: 5 pj/well of the suspension 
was added to the wells and incubated for 30 min at 4 *C. After washing 
^ Tc^^^'V^'^''^ adherent cells were fixed with glutaraldehyde 
(2.5% in DPBS) and counted microscopically. In each experiment, weUs 
coated with CD8-Ig fusion protein were used as control Tb measure 
inhibition of ceU adhesion, 5 jil/well of serially dUuted solutions of 
inositol or inositol poiyanions in DPBS were added to selectin-Ig-coated 
plates and incubated for 30 min at 4 'C before the addition of LSI8O cell 
suspension. 

PMN Adhesion to COS CelUT>i2nsfectedwUhcDNAs Encoding L- P- 
and E-seUctin-^pCJ)W/pCDm vectors containing cDNAa encoding 
fulMength transmembrane forms of L-, P-, or E-selectin were tran^ 
fected into COS-l cells using D£AE-dextran as described (38) After 24 
h, tfansfected cells were harvested by brief trypsin treatment, trans- 
ferred to coverslips coated with 0.1% gelatin (G8-500, F^er, Pitts- 
burgh, PA), and cultured in 24-weU culture plates for 4&-72 h to allow 
for cell surface expression of selectins. Wells were washed with DPBS 
and incubated with 0.5 ml of DPBS-1% HSA alone or containing inositol 
or inositol poiyanions for 30 min at 4 'C. PMN suspensions (0.5 ml at 2 
X 10* eella/ml) were then added and allowed to adhere for 30 mil at 4 **C 
Nonadherent PMN were removed by immersion of the coverelips iii 
DPBS. Adherent cells were fixed with 2.5% glutaraldehyde in DPBS 
and.coimted. PMN adhesion was quaniitated as number of rosettes 
vCOS cells with three or more bound P^^N) per 100 transfected COS 
cells. TVansfection efSdency 1 typically 10-25%) was assessed in each 
experiment by incubating COS cells with mAbs specific for V-, and 
E-selecdn. followed by reaction with a fluorescein-conjugated anti-im- 



05/Ua/y7 THU 12:53 FAA 201 57y 432y 



t^oog 



) 



' 15062 



Inositol Polyanion Inhibitors ofL^ and P^selectin 




iat« 



munoglobulin antibody. The same protocol was used for adhesion « 

* A£/,«,ted Endcthelial Monola.ers-HVVEC were 

gnown to confluence within 2.2 cn, diameter ^Tdes',25)onela^ J^ 

FbI ^ onn^'*''*^ 4^ h at 37 =C in Medium 199 conuini^ m 
(Bto«^ Rf.. r^"^ tumor necn^^S! 

(Biogen Research Corp.. Cambridge. MA>. Monolayers were «^^ed 
agwn and .ncubaurf for 30 min at 4 'C in Medium 199 conwi^Tsi 
FBS. After removal of medium, PMN suspension ,0 5 ml zT^/mh 
was added and aJlowed to adhere for 30 min at 4 X. adhe£„ 
assays were performed both in static and in nonsUtic conditions foTa 
^^TJI """""-.^J^""- "^'''"e to remove unbo^S 

iSferelt PA^™ '^"^ 2.5* gluUraldehyde and 

adherent PMN were counted microscopieallv. To determine adh«>T 

a^v^d 3lth P ? . '° " ^ °^ 'heir addition to 

m?„.u monolayers. In some experiments, endotheM 

SX?4^Tf '"^n "'^^''^^^'^ anti-E-selectin monoclonal rUbSy 
H18/7 (401 for 30 mm at 4 "C before the addition of PMN 

fentoneaUnflammacion-Male 4-5-week-old BALB/c mice ("2&-24»l 

e2uXSl^r:fir'' ' ""^ thioglycolU^rb'ro"^ ,f 
or Sl mT!? i^'*"^ Uboratones. Inc.. Rancho Domingues. CA) 
! contaimng 0.5 mg of zymosan (Sigma). Control 

ce.^d slow mtravenous injections of saline or saline conwining InsP 
InsS, or mosiwl (0.2 ml/injection i. InsP. was injected at 5-40 unS 
mjecuon .total of 1(^ ^mol/kg, and InsS, and inositoflt "S^r^ 

Z °' •^■""'^e'- Mice were sacrifi.^ 120 

mm after the mtraperitoneal injection. Cells within the tjen^tonHl r.V 
.ty were coUected by lavage with 10 ml of ice3 ofss'TnuTnl" 
Mm\ of heparin and counted in a hemocytometer. TheTe "eSof 
Z^JZ.^"^'""^ using cytospin preparations .Shandon IT^ttL 
txaw Park. IL). In separate expenmenis. InsP, (2-160 umol/kg) or ino- 
Tn^L^Z^""r' single 0.2.ml subcutaneoJs injections 3 mta a^r 
wh^'^rT n "^»g»y~«a«. In some experiments total 

analyzer (Baxter,, and the percentage of PMN was assessed usiS 
mear preparat,cns suined with Diff-Quik. No toxic elTecta ofl^P^and 
ToxfdtvT '"""^'^J'r ""'"6 f-iection protocols described; 
Itol^.i^"""' mtravenous injection of high dose InsP. (~m 
umol/kgj has been previously reported (431 

2oi^^rrKr"""'''"~u'^?^ innammation was induced in rau (male. 
200-250 g, by mtratracheal iryection of endotoxin .5 pg/rat of sJ^ 
«e«a ypAoso hpopolysaccharide. Sigma, lot 126F4O2T in 0.5 mUf 
ofZp mZ:^ T- ' ' intravenous injecUon (0.5 nU 
4 h «(Dr ?h I' 8*^""= « '"i^tion was given 

fnt™^ K i'"'™"^'''''' '"j"**""- ^'''^ sacrificed 6 h after the 
Lv wlS^tt .rr^"- «r^<^^~'" '-^^Se (BALI was perfon^ 
canT^^^H ' ''^S ''^^^'d *"~Sh Ttracheal 

cannula and repeated 5-7 times/rat CelU within 4he BAL fluid were 

assessed using cyiospm preparations stained with Diff-Quik. Samples 

riDherrbl^P-Tv'"™"" "-"^ to determiners 

npheral blood PMN content. • 

..■ •. RESULTS 
Iiwsuol Polyanions Block the Binding ofL- and P-sdectin-Ie 
to BSA-sLr tn a Competition £L7S.4— Inositol hexakisphos- 
phaie I InsP,, Fig. D and inositol hexakissulfate (InsSe). but not 
inositol, inhibited binding of L- and P-selectin-Ig to immobi- 




O.OOl 0.01 0.1 

Concentration (mM) 




0.1 , ,0 

Concentration (mM) 

.Ia%^ f"^^ myo-inositols on the binding of L- (a) P- (A) 

ELISA. To determine inhibitory activity. InsP, (•). InsS. (C) or iTO^«^ 
<■) was added to the selectin-Igs to achieve the'indicaS',»n«n,J^o^ 
bef,„ transfer to microtiter plates. Data shown are the mT^^^ra^^^ 
of optical density measurements made in duplicate wells froma sTnrie 

"u^~e;r'''"'^'="«"'"''^'^'-'>--"--^^^^^^^ 

lized BSA-sLe' neoglycoprotein (Fig. 2. A and B). The IC„ of 
InsP. on L-selectin-Ig binding was 2.1 . 1.5 ^m; InsS, was Tess 
^.^n 210 ± 80 UM. InsP. and Ls. also 

bl<«ked P-selectm-Ig binding to immobilized BSA-sLe- (IC - 
160 * 40 PM and 2 8 ± 0.9 mM. respectively,, whereas they failed 
o^! E-selectia-Ig at concentrations up to 5 

20 InsP, also inhibited L- and P-selectin-Ig bidding 
vnth IC« values of 1.4 * 0.2 and 260 * 40 um. respectively. M 
wT^fi'Jl trisphosphates (Ins(l,4.5)P,. 

w '^m' ^■i!^'^ GroPInsf4.5)P,) also inhibited L-selectin bind: 
ing, while Glc{2.3.4.6)P, was inactive up to 2 mM. Inositol-based 
structures with low phosphate content (inositol. InsP,, and 
t-roPIns) and polyphosphates (sodium trimetaphosphate, so- 
dium tnpolyphosphate. and 2.3-bisphosphoglycerate» did not 
nlnbit selectin binding to BSA-sLe' up to 2 mM. None of the 
test compounds inhibited E-selectin-Ig bindine to BSA-sU' uo 

to 2 DIM. "-* - ' . . , ■ * 

!rf ^j?^* AdAesfon to i- a/id P-seUctin-lg 

and to COS Cells Expressing l^and P-selectin-Ths effect of 
inositol polyanions on selectin-dependent cell adhesion was as- 
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of inositol ^lyanions inositoL and polyphosphates on 
L- and P'StUctin lg binding to BSA sLe' 



1000 f 



Compound 



L-selectin.fg 



P-selecri n-tg 



Instl.3.4.5.6)P^ 

D-Ins(3^.6)P3 

a-Ins(L4,5)P3 

GroPlns(4,5)Pj 

GroPlns 

InsP, 

Inositol 

InsS, 

GlcC2,3.4,6)P, 
Tri polyphosphate 
Trimetaphosphate 
2.3-bisphosphoglycerate 



MM 

2,1 ± 1.5 
1.4 ±0.2 
340 ± 60 
320 ± 110 
ISO * 40 

NX 
NT 
210 ± 80 
NI 

m 

NI 

m 



4 
3 
3 
3 
3 
2 
2 
4 
3 
2 
3 
3 
2 



160 2 40 
260 ± 40 

NC* 

NC 

NC 

m 

Nl 

m 

2760 2r 890 

m 

NI 
NI 
NI 



4 
3 
2 
2 

2 
2 
2 
3 
3 
2 

3 
3 
2 



p ifll^^Tt^"'!^ of compound that resulted in 50% inhibition of 1. or 
P-selectin-I^ binding to BSA-sLe' as measured in a competition EIJS A 

r valu^"^^^^^ ''"^ ^^^-^"^ meaTltSS 

lt-„ values obtained in n experiments. 

' "• ""'nber of titration experiments performed for each compound 
' NC. not calculated (less than 30% inhibition at 2 m.«. 
- Nl. no inhibition (at 2 mwi. 

sessed using a colon cancer cell line. LS180. that binds to all 
three selectins.- As shown in Fig. 3. InsP, blocked the adhesion 
of LS180 cells to plates coated with purified L- and P-selec- 
tin-Ig (51 * o and 53 s 14% inhibition at 60 ym. respectively 5 
fexpenments) but not with E-selectin-Ig. InsS, was also effec- 
tive m blocking LS180 adhesion to L- and P-selectin-Ig but 
required higher concentrations (43 s 1 and 45 i 5% inhibition 
at 4 mw respectively, 2 experiments); myo-inositol, and 2 3- 
bisphwphoglycerate were inactive at concentrations up to" 5 
mM. The effect of inositol polyanions on ceU adhesion to full- 
length transmembrane selectins was examined using COS cells 

COS. P-COS and E-COS. respectively). InsP, displayed a dose- 
dependent inhibition of LS180 cell adhesion to L-COS and P- 
COS (blocking ai 500 u.m was 81 * 13% and 95 - 5% 
respectively, 2 experiments) but not to E-COS (<59c inhibition)' 
In separate studies. PMN adhered to P-COS and E-COS but 
showed I'lt^e binding to L-COS. As depicted in Fig. 4. InsP. (500 
U.M) blocked PMN adhesion to P-COS but not to E-COS- similar 
results were obtained with the promyelocytic cell line HL60 
t not shown ). Higher concentrations of InsS« also inhibited PMN 
adhesion to P-COS (63 * 7% blocking at 5 m.M, 2 experiments) 
but not to E-COS; inositol had no effect at concentrations up to 

Inhibits PMN Adhesion to Activated Endothelial Cell 
Monolayers under Fluid Shear Sfress-The effect of inositol 
polyamons on PMN adhesion to cytokine-activated endothelial 
monolayers was studied under static and nonstatic conditions 
in the absence of fluid shear force (static assav). PMN adhesion 
to tumor necrosis factor a-activated endothelial cells is inhib- 
ited by anti-E-selectin anUbodies (40) but noi by anti-L-selectin 
antibodies k2S). Under these conditions, InsPg (500 ]imi had 
Uttle or no effect on PMN adhesion (Fig. 5. upper panel). In the 
V^^^^ rotation-induced shear stress <nonstatic assay) 
FMN adliesion can be inhibited by both anti-E-selectin and 
anti-L-selectin antibodies (25), Under these conditions InsP 
« 500 HM) reduced PMN adhesion to tumor necrosis factor a-ac- - 
tivated endothelial cells to a similar extent as did anti-L-selec- 
cm antibodies .! Fig. 5, lower panels Inositol was inactive at 
concencrations up to 10 mii in both static and nonstatic assays. 

C. Mannori. L. Carter. O. Cecconi. K. Hanasald. C. CorlesA a 
-VvtTo. R. Nelson, and M. R Bevilacqua, manuscript in prepa^tioo! 
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adherent cells/mni' . S.E.. counted ia'^S^U^ wX SiT^^f! 
exi^nment representative of three. InosiSwS^^veupt^lS 

; adhesion at higher concentrations (43 t 1 and 45 « inWl,;K 
■mM>.NaLS180ceU adhesion wasdetec^^Sa^-^tJJ^^^ 

A alone or on plates coated with pRrtein AHrapturedCDM^^^ 
. adhesion to E-. P-. and L-selectin was inhibited bv blocfc!n,™f„ i 
antibodies Hl8^. Gl. and LAM1.3. r^wtly}'^^ '"''"^'""^ 




— InsPS (nositot — 



InsPS Inositol 



penmente showed that the blocking effect was dosHepenrent and 

mean S>.fc of three separate expcnments ifive microscooic fields/ 
covershp with triplicate coverslips were counted in earfS^entf 

P-COS at concentrations higher than 1 nrn (63 * 7% inhibition at 5 Lv 
Similar results were obtained with HL60 celU. at 5 mMl. 

InsP, Reduces PMN Accumulation in Experimental Inflam- 
mation tn Vivo~ln mice, peritoneal inflammation induced bv 
injection of thioglycollate results in the accumulation of PMN 
the early phase of which is thought to depend largely on L- (45' 
46) and P-selectin (47). In this model. InsP, reduced PMN ac- 
cumulation in a dose-dependent fashion. TVo intravenous in- 
jections of 40 pmol/kg resulted in a 55 * 10% reduction in PMN 
recovered from Uie peritoneal cavity at 120 min (Fig 6A) InsP 
/two mtravenous injections of 40 umol/kg) also reduced perito^ 
:neal mflux of PMN in thioglycoUate-stimulated mice (48 ± 6% 
mhibition, 2 experiments, p < 0.01 in both experiments) A 
single subcutaneous injection of InsP, (1-160 umol/kg) acted in 
a dose-dependent fashion to reduce the number of PMN recov- 
ered inthe peritoneal cavity of thioglycoUate-stimulated ani- 
mals. The inhibition was maximal. between 40 and 160 umol/kg 
'45 1 5% at 40 pin 1/kg. 3 experiments). The number of periph- 
eral blood PMN was not reduced by intravenous or subcutane- 
ous InsP, treatment tnot showni. In a closely related murine 
model zymosan-induced peritoneal inflammation (Fig. 6S1. 
InsPg (two intravenous injections of 40 )unol/kg at 40 and 80 
min) was found to be as effective as in ihioglycoUate-induced 
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Inositol Polyanion InhibUors of L- and P.selectin 



Anti- Anti- 
E-selectin L-selecttn 



»^P6 Inositol 



PMN to activated enS^J "J^TolSeT P^^t? '''^ 
was performed under static funn., ^.7 ^ adhesion assay 

scribed in the t^TlnS /: P " 'P"' « 

vious «peri^en« iLdTeL^^hat^^^^^^^ 

uined between 250 «dTo Wo Ins^"^^ 

to 10 mM. AnU-L-selectin »Ub£ S T^f w«T'"i*"' '5^*^" 

1:3000. and anti-E-selectin a^uSSyt^S/^, w^^^s^ft '^".''^T 

represents the mean * S E of thJl . ^ ^° Date 

PMN adhesion toTcttvai^ e„ jXli-rf P*""*""- Unblocked 

.onstaUc conditions^'^^^n'SJ f^^m llSrsTcS^;^^^^^ 

adhesion to unactivated endothelium waf i;t°i^"^'",Si;/»^ -"-^ 



b.t.on in the thioglycoUate model and^l 31 "Vlf in 

a rat model of lung inflammation induced by intratraXt^ 
injection of endotoxin (44) InsP (two i„t«„« »n"^tracheal 

DISCUSSION 

Inositol polyanions were found to be effective inhibitors of I. 

sSt^l^'''^ ^"^^"^ L-selectin-Ig fusion p«tel^S 

obA-sLe' at a concentration of 1-2 um Rv • w 

Wphase sLe.. a ,»own ligand^lThif iSTLt^i 
potent, requmng concentrations in excess of 5 to ^hi^ev^ 
comparable blocking (2. 19. 29). Inositol polyanions were ako 
B^^li'irh' E-selecSL'^Srcno^"'^; 
Dh«^^;. , " previously that solution- 

rselL?" ^'^5'^ phosphates on L- and 

P^electm appear to depend on the number of phosphTte 
■groups^ InsP, and InsP, were most active. InsP, shovS leS 
activity, while InsP,,and inositol itself showed aSl! 
«m«ntrat,ons up to 5 m«. In preliminary experiment! S£ 
nonal synthetic isomers of InsP, showed differ«it inhibicot 
acamy mot shown, suggesting the possibility that the position 
of the phosphate groups in the inositol ring may be important. 
Other polyphosphates including glucose 2.3.4.6-tetrakisphos- 
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!2ii2? saline ' lnsP6 Inosito l saHne" 
sauna 3% thioglyooBaia tooth SfeS 



saCna insPe Inositd 
zymosan 



matton. Mice were^iecS •f^''^,'*''**P*^*«»««»lnfl«ai. 

collate biZ (Rrs^^StKL^f ^ ' 3*^- 
rymosan <Fig 6S) Cmt,!^ . • i containing 0^ mgtol of 

I ml of sti^t p^'rlS^' rr 'I^^ «««peritSy 
receive intraven^^^^^^^^A^'-W 

(total or 80 lunol/luf - 73™^^ ■ • f *»■ I^P, 

Mice were sS^"aSr^Sl„ "^it 'SST^ = " W 
toneal washings ^^^Il^J^k.^^ peri- 
three separate «Mri™«^ P*^ .'"P"'*"*' »ean * S.D^of 
animaJs/e^xp^nmeTnrtii^- J^^^^ 6ro"P' 

TWtment of anSSwiA fa^" J**^^ ""^ endotoxin uaita/ml. 
endotoxin unit^ta s^j" rcfid ^i'>^«>ns of endotoxin (up to 1 

in the peritoa^t^l*! taotlj^:;?^ "umber of PMN recov- 



phate, 2 3.bisphosphoglycerate. sodium trimetaphosphate anrf 
sodium tnpolyphosphate were inactive up to concSS'rTS 
onT r^^'J^'y- ^ibitory effects of ino^S^^y^^^^^^ 
dL K ^ E-selectin paraUel the 

^ 22 ?o,1r ^ '"^^^^^^'^ Polysa^h^et' 

(6 21 •22,Ud ^'^^ '"^'•"^^^ ^«ight heparin 

separate studies, endothelial heparin-like molecules ha^ bein 

uTr^^: abTeSr^ '"^ ""f Aithou^S^et^t" 
t^^^. polyanions. their affinities for tl^ 

th^ InS ^ ^""^ »>i'id InsP. more avidly 

mo-^l-^':^'!*' 3-adrenergie receptor kinas^ u inwS 

ho^lT. f'*''* P"^'*^'* ''^y '"^^ehts regarding the car- 

niSSii, « Z"^' crysullographic studies on the ^! 
dom»!! associated with the lectin 

muiagenesis and monoclonal antibody mapping f E- and P 

^etTtin'dlS"^ "^^ '^"^ -^i"^' 

sitel n i ^^*"'°*P°'^'f«"U' binding (53^^ W 

9^^i^'^ZZ!^T S"^ "^"^ amirfddstrfi;Ss 

sJSe t£. ^ ^ hemoglobin (48. 57). It ia interesting to 
speculate that the array of negative charge imparted hy^s- 
Xl^^lt^""'' could facilitate^e bin^lflLtl 
S?bU Sa?tSf hinT"° -«ds within the selectins. It is also ■ 
^Sn th» 1 i polyanions to calcium ions 
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Selectirts are thought to play a critical role in inflammation 
by eontroUmg the initial attochment of leukocvies to activated 
vascular endotheUum (58. 59). Previous studies in mice have 
suggested that L- and P-selectin are involved in the earlv 

!^pJm"^'^^~"***'^"'*"'^ peritoneal innatnmation (45I 
47). PMN recruitment in this model can be reduced by treat- 
ment of the animals with the anti-murine L-selectin mono- 
clonal anubody (Mel-14) (45) or with L-selectin-Ig fusion 
proteins (46). In addition. P-selectin-deftdent mice generat^ 
by embryomc stem cell gene inacUvaiion displayed a reduced 
and delayed appearance of PMN in the peritoneal cavity in 
response to thioglycoUate (47). By using thioglycoUate-induced 
peritoneal inflammation, we showed that InsPj. InsP and 
InsS,. uyected intravenously or subcutaneouslv. can effertively 
reduce PMN accumulation in the peritoneal cavity of thioely- 
coUate-stimuIated animals. The anti-inflammatoiy activit^ of 
InsPg was also shown in zymosan-induced peritoneal inflam- 
maaon m mice and endotoxin-induced lung inflammation in 
rats. Recent observations indicate that oligosaccharide ligands 

^i^'f^f/"""^"'^*=*^^«"°^««<'f inflammatory responses 
•16. 18. 29. 60). The present data demonstrate that inositol 
polyamons. which are low molecular weight noncarbohydrate 
structures, can also reduce experimental inflammatorv re- 
sponses. 

InsP, and InsP, are found in substantial quantities in most 
mammaUan cells (61-67). where they may act as precursors of 
several mositol phosphates thought to be involved in intracel- 
lular signaling (68-70). In addition, InsP, is an abundant con- 
stituent of many plant seeds and is found in a variety of foods 
(56). The possibility that these naturally occurring molecules 
act to suppress inflammatory or immunological responses de- 
serves attention. In addition to blocking the selectins, inositol 
polyamons have been shown to possess anti-oxidant activity 
171) that could enhance their ability to protect against the 
tissue damage associated with inflammation (72, 73) It is an- 
ticipated that inositol polyanions or their derivatives mav 
prove useful as therapeutic agents in the treatment of a varietv 
of human inflammatory diseases. 
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sforB-andP-Selectin 



'™.««l<«,.S«b«es3..79,08F„ib„,.Oe™„, 



dcDend^nf * binding is Ca^*- 

<^ins from the 150-^1^ ^kSlSJo '"^ . 
««as aooiishes the binding of boA Ijgands 




follfiS'S'"'''^' "^2'° ^30 kD were 
signals dct«S^r JL I*^"^^' ^^^io"^- ""x^ 
was blocked hv s«iylated and selectin-binding 
that E- and P^^'!^'^^ ^ 

drates for bISJf; ! ^ ^-^^<^ carbo^- 

t>«>^lSiL «?r^S '"^''^''P^^ifi^ for each^ 

dothelial sdS '^"^'^ 



where they^^„ S^b-j^^P-^^donen^^^^ 

^ subset of lZht^"^S,if "^^'^P""*' "^"^ 
Gengetal.. 199nicSS^S2"J«S" l^'S^. 1989; 

f-J^etal^^SSr^^-'^/^e^ IsSt 
w the migration of neufm^n « also involved 

L-selcctinnKdk^ lviJS^A"^ ' addition. 
(Gallatin et al IM3. SS?*^* ^"to lymph node^ 

cyte recircuSuon • during lympho- 

cuKoTterbe*^ ? -l^-on nK,le- 

(Hynes and l^der r992r^,\^ Ca'Mependent lectins 
«r. 1V92). AU three selecUns were shown 



« i!'l£o^P.^^J^»^ (sLe). (Phillips 
oarboMrat^conS^nJ^'iiS!?'^.*^*' ' 

Be'Setal.. 1992) ;,r St^Uvt rf^'iK"^^^ ^^91; 
carry a SO,--eroun in^TjT compounds which 

Green etaJ K i"^** "^^'c acid (Yiien et al. 1992- 

cendy demonstrat2 {o^^i* ^ «- 

P-$eIectin binding UiS Sf"* ""^^^ ^ and 

^Le. (Nelson et^^ iSsrH^l^l P'°'*"^Wt«' 
drate stnicture of ■ f^"^^- the detaUed carWiy- 

glycoproteins of die selectins are 

Tht first glycoprotein ligands for which ^ 
to was directly demonsSwSiwemiS^ **** 
body-like L-seJerfin «. • laenufied using an anti- 

(GlyCAM4)akd a 90S rm£?' glycoprotein 
« WKU m mbrane glycoprotein (Sgp90 or 
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• ST^rCiS*!^ ^S^y^'^ eniotheUum (Imai et 
. al. . 1991, Lasky et aJ. , 1992; Baumhueter ct al 1993rBnth 

MECA79 which defines the vascular addressin foroeriDS 

on ceU adhesion assays. E- and P-sdectin hav also be^ 
^bed as counterreceptors for the neutrophUiype 
(^shimotoetal.. 1991; Picker etal.. 19916) HowevTS 
affimty of d,.s interaction is too low to di^cdyS^i^te 

eTd^Ti?^ ' 1992; Levinoviu 

fastead. using purified P-selectin ftom human platelets a 
glycoprotein hgand of 120 kD molecular weight uiSefre- 
So^^^T"? "'°«L^'* ""^^^^ non-reduciTinS- 

SiTmS'S? °" ""T" ""''"P'^ ^ monocytic 
ceUhneHL60(Mooreetal.. 1992). Widithehelpofaniiti- 
body-ldce E-selectin fusion protein, we have recen% SZl 

trophils and die mouse neutrophUic progenitor 32D cl 3 
(Levi^Uetal 1993). In addition, a'mi^or compoLlof 

P ^I.Tp'**^, ^"''"v^"* *^ 'o compare the 

-^^^ 'IF^'I' '^"^ analyzed 
r^fw ""^ 5^^*^:.*^^ procedures and die bbel- 

ing techniques differed significandy. Here, we have dinxdy 
approached die question whedier E- and P-selectin recognia 
different or smidar ligands. Using analogous antibody-like 

formed affimty^lauonexperimentson detergent extracTof 
cT3"^r'i:''*'''' r^^trophinc progenitor?2D 

cl 3 and die human monocytic cell line HL60. We have found 
^vo glycoprotems of which each is a specific ligand for only 
one of die two endodieUal selectins. k, adJion^ more 
weakly detectable glycoproteins were found wS were 
common ligands for bodi selectins. 

Materials and Methods 
Cells 

ei ai., 1989) provided by Dr. Rovera (Wistar Institute Huladelohia^ 

uT^n. "-3). The human monocytic cell 

Une HL60 was obtained bom Amer. Type Culture Cbllection Sv^e 
MD) and cultured in DMEM eontainine 10« KS JS5SI ^nf^r 
eiUier the P-«Iectin-IgO. the E-sele^-Si oV?!^^ £„"S 
gn^n in DMEM supplen,en«d wiS7o% BMS^ro^S K 
Gennai^) Mo.^ neutrophils (polytnorphonuclear gmS^es) ^« 

SoSr.i!°r99t ^"""^ ^ °" ^^"^^c7^ 
mi!^' **.,!*?n ^J" f """"^ neutrophils. 10 ml of heparinized blood was 

2.W0 ipm. IVUeted cells vita washed once in RPMI eontainine 2% Fci 
and r«uq«nded to HBSS (original blood volume). 20% (vSl cf . «i 

n^r^fn^K^ suspension w» loaded into a vertteal syringe 

w^lS' ^'jy^^^'ii^^ tosetUefor20 min. LeuLS 
were expeUed and washed twice in RPMI. "^j^w 
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!rft • '*'«="n-'gO chimenc protein and recosnizes the K- 
regioo of human IgGi (Levinoviu « al.. |»3). "^snizes Uie Fc- 

CeU Adhesion Assay with Plastic-coated 
P-andE-selectin-IgG 

flictongow the pUtes and washing five tines wMhH^ ^^T^ ^ 

u«H,, ^ ^ ^"^ quantitated by countii the c^ 

under ,he microscope in 10 randomly chosen areas fer^ch wdl &^hT^ 
«r™o„ ^ done for four weJls. Antibody iiA^^M^^-Stt 
pn:n«bat«g Ac coated and blocked welb with antibodiw aiX ^^.S 

^r^'^'^^'^ ^^''2 UB^de:Nglycos dLe^^^^^^ 

Selectin-Immunoglobulin Chimeric Proteins 

The construction as well as the production of the P- and E-selectin-for ^• 
■nencproteins-has been described (Hahne etal 19M? in^fiT.^*" 

ceptfS-t^'Tsl^tSiclLT^^re^lJS^^^^ 



Antibodies 

The anU-mouse P-sclecdn rabbU antisenun «3s raised against the purified 



^ S'^lci l^^Z "^'r* ^ f^SJmethio- 

iJ^^ . "narrow were labeled in 500 

tt^^r^"^ ^ f'^SJ'-hionine and 6^^ i'S 

ferO?f?H^^'^T'^'.^^^°^^" 10' cells/ml in lysis buf. 
Tm./™! <S^' ^ T"*-«Cl. pH 7.4; ISO mM NaCl 1 mM CaCb 

ieSaSTfoi r '''^t'^ 

peuetea at 1^000 g for 10 mm; these and all subsequent stens ~.7 

protem A-Septaiose. After removal of the Sepharose beadT^i^nf 
speoficdly bound pn«eins. the ceU extract v^Zu^^ 
Unely con«pofadi„g to 10«-10' ceUs w=rc incuSSlo-M^f ^ 

«i-«=iccun or CC>4-IgG, After an incubation period of 4 h tf» nS>;« 

«w tnM Naa. Eluuoii was done twice with 60 ol 3 mM ElJU^vt 
nAisodiumaceta.epHi2:afl5« TritonX-100. Eh!llp^i^^'^ 
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, uu/up/9/ mu xo;u^ taa ^ux o/a fiOits* 

Bio-Imaging. Analys« (R^ j^J^^ ^ « « Riju BAS 1000 

wSSSlSS^ the. cell of meubolically la- 

affinity matrix. tl^A duS«^>*!!.T''^ P-selectiD-IgC 

again incubated with P-seloain tV c*" °° '"^ "l^' ««« 
Bound protein a<«l„T./J^=.r^n2? "'^"•'eC affinity njatrices. 
jjl^^ <«ain eiuted w,th EDTA and analyzed as described 

Siali^e. Endoglycosidase F. andPNGase F 
Treatment of Selectin Ugands 

^^^"^^Za^^:^"^^'^^^^^^.^^ for 

labeled neutn,phils ir toTx I0» m^S PSJcys- 
w.th 500 n,U of nwranurtdi^ fi«„ flhi^^^ "^"^ either 
neuraminidase ftom New cStfe^L^"^^' "reafeciens, or 20 mU 

under identical comJitionTTtSSL of !h "*'*^"« 

« aside for WGE XfeosT^^'^Sfi^^r- ^*«^«^<«8« 
ovenught inaabation with P-seIecti^l»^^:^ '° «P«eipitation by 
500Mlof 1% TritonX-IOT 50m^?^Hr^u%'V^'^^^ 
-CaCI,. Subs«,uentw«Kn?luX 5"'-*' '^""MNaCMmM 

dtg^bn with endo F ami wirpSepl^^^^^^ 
•soUted from labeled HUOcSls 32D 1 i ^^.'^''"'"•••gands were affinity 

above using E- or ^sele^S-& «1Su1i^S°'^^^^ 
corresponding to 2 K 10« HUO or 32D^r^,^'^- ^'^ EDTA-eluate 
«as supplement ^hh aoS^rftoSr^^^^^^^^ 
without (control) or with 0 5 U no „7w .^^ '^^^'^ '^^^^ at 37-C 
PNGase F. Peprecipitatioa°i?rne''liSLS t^"" ' " ^° °' 



O-sialoglycoprotease Treatment of Selectin Ugands 

Hl^lSfSrma^:: PSJmethionine p.s]<ystei„e labeled 
orP^selecdn-feG^'^J^':^^'™-^^ 

acetate pH lO. The eluate^ tSimti^. S?^.' ^ ammoniin 
7.4 split i«o halves and oneZf S^^hl!? ^J"] PH 
tease a Ml cleaved 123 TgZ^^^T^^^'^^ ' 0-sial<^l>«>pk,- 
without the enzyme forf h Kv'^r p,^,' ^ « " <=) and the othXf 
fluo«,8,aphy or'^phosphorta^i'^ ' ^ '^''^ ^ 

analyzed whether ft c V ^^^^^-specific way, we 

three cell tyoes bounH^«D . ^ neutrophiU. AU 

tin-rgG whU^S ' P-^'«^-l«G as well as to E-sel^ 
un igu wmie no binding was observed to CD4-IeG fF,V n 
Binding was dependent on the presence offS^- 
completely blocked by my^dST^m^ "2** " 
clonal antibodies to SSfeS^ bL^ 

.0 ^"■S.-wT-i^^^.S^-? 



"!Ab (28AG6) against the R-nan of hn* fi • 
did not block ceU bindine W™m.^ 5 P'^^"" 
E-selectin-IgG chimSrnS r,, "^* '^'^^ '<> 
protein also bint^Tte'SSS; tt*^^^'*?".-^^ ^^•'"» 
^^tomycloidceUs. fiXlSu^Jcm.:.? 
ner betweei? man and mouse " 'P""« 

the 150-kD E^selertin w^^Ja , i^OTA. As expected. 

only boun^t l^f I^'Sl't"* °' ^ 
2 fi). Thus tu», - J ™« selectin fusion prote ns (Fig 

different gtycLS^^^^^ a 

^=£^s:ss— ^^^^^ 

Ugand could ol^d^2^^"l« *e electin 

the EOTA-eSiet^S^ " non-rcAiced form. When 
or human cell t^^y^Zt '^^x^T '^''^ 
presence of DTT the o^^^^F f ^^^^^ 
10% P0lyaciyl^5^7eTrsZ ? ^""^f « 
stackSg gel\^fi;.,!H - f^^: ^ top of the 

protein causJuJ.f ' reduction of the 

isolated fTOmffi^n iin^l J^O-kD proteins, 

amide gel Ser S ffi . . ' '^^'^ ^om a polyacryN 

reseS ofi s^Jnfge?St2r'^^'°'^'^ rXSpS- 

teins migraS at S a^t^n?^^'"« f both pro- 

tnay be a dbulfide-iiSl d^r '^^'^ 

i»of/i Sialic Acid and N-4inla>H n^^^uj 
MtheBindingto JT^ST^^^''*-'''™'" 

wtSeT'So^^'il^aS^^^^, <^ -^^^ 

boMrates wouTdTSv^^&J-l-^^*^^*^^*^'- 

oTTm-tfefeStS 
and ftom New CasUe dlSe^i^is^S^J^X^S 
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uo/uo/»/ ittu io:uj i^AA zvi 0/a 

1 

CeWparmm^ 32D Cl 3 

4000 




3000 



2000 



^ooQ 




SS'^n^^' r<.n"*lil!* plastic-coated P- and 

96 wcU microutcr plates coated with CD4-lgG. P-selSni«G 
^^n-^ indicated). Before the IdJiUon TSJf Ae 
selecnn-lgG cwted weUs wre incubated with BBSS (-ThBSS 
S^iL*^ ED^A (EDIA) or with 2 ^g/ml aSityS 
rabbit antibodies against P-selectin (a-P). 100 ue/ml mAb 2UCC10 
^t mouse E-selectin (21KaO) or 100 ^JS^J^S 

^'P^ (28AgS Bound Ss ^ 

quanutated by counting the ceUs under the microscope 10^ 
domly chosen of defined size (per weU) in foSL^nS 
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A 



nonred 



200 — 

97 — 
67 



red 




CPE 



CPE 



B 



HL60 



nonred 



200 — 

97 — 
67 — 



red 



reducing (non.red)o^uttl J* P°'W'^'<»e«el under non- 
lecular mass markers (in kD) are indiS * 







200 — 




97 — 
67 — 




45 — 





^^tt^e i. The 160-kD P-selec- 
tin ligand is cleaved to an 
80-kD monomer by reduc- 
tion. The 160-kD P-selecUn 
agand was affinity-isolated 
from P^]methionine/p3S]cys- 
teinc labeled 32Dd 3 ceUs or 
HL60 cells, separated on a 
polyacrylamidc gel under non- 
'^"cing conditions, cjccised 
from the gel and reeledro- 
phoresed under reducing con- 
diUons on a second %% poly- 
aciylamide gel giving rise to 
proteins migrating at 80 kD 
apparent molecular weight. 
Labeled proteins were visu- 
alized by phosphorimaging. 
Molecular mass markers (in 
kD) are indicated on the left. 



reduced the^S mo^tT '^^'^^"^ '^^V 
lane 5). XT^'S^r^^^?! t 
molecules were unaffected. If aliqZ of *f ™Lt 



sialidase 



200 



97 



67 — 



B 



endo F 

200 — 

97 — 
67 — 



of sialidase foSsii^Ji^J^'*^'" flancs 2 and 4) 100 mU 

of the treatef^iS wJ^dSSn^ "'C. 40% 

i)and605S re^p^S^tSSS^ n"^i^ ^ ^ 
SimUar as oanel A r-wtlectm-IgG Oanes 4 and 5). (B) 

their electrt^horetic mStS,''^,?' *^ in 
case not reptecipitated ^ £clS/l^ n T '"^'^ ^ 
Proteins electiShMesJT^*^,^'^ ^ '""^ P^ls)- 
non-reducing co32 SwS^^^S?^'^'!^ "-der 
fluorcgraphy. Molecular Zs 

the left. manasrs (m kD) are indicated on 
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uo/uo/b/ Tttu ijruo tAA ^\sl o/a 4j;:y 

TsS^^^T^ "F"^ 4«cipitatcd With 
F-selectin-IgG. only the unaffected molecules bound the fu- 
sjonp^tem while binding of those molecules whth 
shjfled m molecular weight was completely abolished. Thus 

Sec'tin °" '^"^^ " ^"'^"^ '° 
We tested wheAer N-linked carbohydrates on the ligand 

Snt'i ^^Tfv'^™"^^"^^^^'''"'^ «i«"d with 

endo F (F,g 4 fi) and also with PNGase F (not shown) 
caused a stmilar reduction of the apparent molecuSr 3 
of the hgand (Fig. 4 B. lane 3) although against a Se- 

n^/Z':^ 'T*'?"*' '° ^'"y'"^^- ^precipitation of 
Iigand molecule from which N-Unked caAohydrates had 
been removed either with endo F (Fig. 4 B) or with PNGase 
• lh^°\u h ""^ «"^letely abolished in both cases, 
while the mock-treated material and also undigested ligand 
molecules, which had been left intact by endo F. were sSl 
reprecipitated normally (Fig. 4 B, lane 5). THus. oligo- 
sacchandes on N-linked carbohydrate side chains of the 160- 
kD glycoprotein are essential for the binding to P-selcctin 



) 



SrAnW^5'^ ^g'^dAlso Requires N^Unked 
Carbohydrates for the Binding to E-seUctin 

inV^n^K c^'^^ ''^'^'y '^'"^ (by 80%) its bind- 
Iil^-«'^''°:I«G fusion protein (livi„o4 et 1 

Tt^ ^ P-selectin-Ugand prompted 

us to t«t whether the E-selectin Ugand would also rZke 
n'o!^ "'^hydrates fbr binding^The ISO-kot-S 
hgand ^vas affinity isolated with E-selectin-IgG from S 

weight of the isolated hgand (Fig. 5. lane O The shifteH 
ttnT/*- H only be rlpreiipitat.2 wS Et£! 

t n-IgG with an efficiency of 20% as compared to the mock- 
treated sample (Fig. 5. lane d). Thus. N-linked cartoSy- 



endo F 

200 — 

97 — 
67 — 




Co 



S^fil i^'^/'f ^"'^ "sand requires N-tinted carbohy- 
f.^^ Jrol?/" ^V"^^- 32D cl 3 cells were mctaboUcally 
Ubeled with psimethiofline/psicysteine and dcteigent extract 
were mcubated cither with immobilized CD4-lgG (Co) or E-sclec- 
an^G(aUother,a.es)Tlic isolated 15^^ 
dmcdy elcctiophorescd (lane 2) or treated with Ganes 4^6)oi 
without Ganes 3 and 5) 1 U endo F overnight at 37'C. H^f of tJe 
Heated samples were dinwly elecuophorcsed flanes i and ¥) or re- 
SSSf E-selectin-IgG Oanes 5 aruJ 6). Electiophoresis 
^/„H^S!^ "^"^ conditions on a 6% polyacrylamide 
of du: dqpicted x-niy film revealed that the endo F treataeTd^ 
^^t^ "^"^ ofthcreprecipitated 150-kD ligand Oane 6) to 
20% when «,mpared with the signal of the i^k-treatcd. re- 



200 — 



97 — 




230 
130 



B 



1 2 



200 — 



97 — 



67 — 




230 



130 



rS r ^.r^/'l^'*°"*'^"°"°*P«'fi= and of common glyco- 
Mouse neutrophils were metabolically labeled wid, [«S]mrtWo- 
vnth P-selectm-IgG (A, lanes 1 and 2; B, lane 2) E-selectin-fcG 

were eluted with EDTA and electmpho^ on a 6% po?S- 
Tt j ] 'J^'' "^""^"'^g lane 2) or reducing (^ Le i; 
i'^ P ""l!^*""^- ^n ^"Ifti^n to the monosp^ific 160-ldi 
(''°»-'«<»»«»I) and 150-kD E-selectin Ugand (re- 
duced). two common ligands of 230 kD and 130 kD apparent mo- 
lecular wo^t were identified (marked by arrows on ftTS) 
which bnri ,o both selectins. Scamiing of die depicted x% fiS 
revealed Uut die signals of die two common ligands w^IsS 
S E-selectin^ligand Z 10-li 

markers (m kD) are indicated on die lea. 
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£?ectin*' ''"-"^ i-olvel in O^e billing ,o 

^^i^'^'^^^ on Mature 

Mouse Neutrophils Bind to Both Endothelial SeSS^ 

witf. I^eSS experiments 
lane 7\ -nL mouse neubophas (Fie 6 A 

250-kD ligand. of wh^^h a^^;t"'S^ 

weaker Aan the fo ft^So^S ,11^^^, 

ditio:^ p^teins hid not d^'Se wrntlS' 

Un-IgG and were discovered now due to improvfi the l^bS- 



1^019 



doiMM as „„ „^ neutrophils (data rot 
equal aliquots faftir - reincubated 

«q">iiy well .««gS bTtoS^it^ 5*^ 

ture ^ not sufficient to fully K"*e*S.''"^"- 



200 — 




a« indicated on ic S 



Carbohydrates for Selectin-Binding 

the endo Fnligested molecule were as Jc.S^!i^* ^"^"^^ 
SflLL SvL^ ^ monospecific selcctin ligands. 



Leater tt Monospecific end Conunon ScUc^-Ugands 
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sialidase 
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97 — 
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67 — 
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Co 
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endo F 



200 — 



97 — 



67 — 



Figure & pe 230- and 130-kD common selectin-ligands reouire 
tin. Mouse neutrophils x*ere metaboUcaOy labded withPStoS,^ 

v«th imnwbdi^ CD4.IgG (Co) or P-selectin-IgG (aU otter S 
S.oS^^Jr*^?;""'* '^O-kDUgandswetedAerdinSS- 

SL^'C LY,?^^^?>A«»^«cterun«feciensover- 

l^-^l^- ^*J,^^?*'"*'P^ that endoFimt^l 
f sialidase was used. Electrophoresis was performed under leduc- 

wre visua^ by phosphomnaging. Molecular mass markers (in 
kD) are mdicated on the left. "«u«i5 vn 



ne 230/m-kD Ugand-Pair and the 160-kD 
fSelectm Ugand. But Not the 150-kD E-Selectin 
ugandAre Sensitive to O-sialoglycoprotease 
The O-sialoglycoprotease from Pasteurelta hemofytica was 
d«cnbed to specifically cleave 0-glycosylated sklo^j^ 
proteins (Sutherland et al.. 1992). We hJe analyzed SS 
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wpmis, me l60-kD P-sclectin I gand was isolated in tu^ 
v^y from HL60 cells and thfTsO-^ £d^it 
i^Em^ E-«>«tin-IgG from 32D d 3 ceuZS ea^<S2 

* ba^tr ,T ^ o-^- half 

cubat^ for 1 h at 37X without and the other half with 2 5 
^of fte protein-subilized enzyme (see Materiak and m4 

230-kp/130-kD ligands and 70% of the 160-kD P-selectin 

U ntSvil^S-S^^^^S '^^-^ ^--'^ «^ 

PNGose FTKatmentofHlM Cells 
Blocl(f Binding to E- and P-Selectin. While 

r^T^fSl^^^^'^'.-^*'^'"^''* Only Blocks 
Cell Binding to P-selectin 

If the monospecific selectin-ligands, which require N-linked 
carbohydrates for selectin-binding. indeed r^reS,tcS?S 
hesion bgands for the selectins. removal of N-uSc3 <Jr- 
bohydrates from the surface of intact ceUs s^ouM th^t 
ceU-bipding. Therefore, the adhesion of HL60 ceUs to 
plasuc-coat*^ or E-selectin-lgG was tested^^ting 
m ^^^^ F fori h at 37»C. As shown in Fk 

endo Pleated 

ceUs (not shown). In contrast, treatment of intact HL60 cells 



O-SGPase 
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+ 
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t-K.,. 












97 — 






-V' 






67 — 
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b*s"^Wv?^'i^?° ~" """o^ifio E-selectin ligand 
L 2r?2?)2 9^'^''^^y^P'°^- Mouse neutrophils OarTy 
Md ZJ. 3j2D d 3 ceUs (lanes J and 4) and HL60 cells (laiL JlnA 
JJT nietabolicaUy labeled with psJm^SfcS 

Vf ^' 2. -5. and 6) or with E-selectin-l8G nan« 
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cells pef mm' 



2000 



1000 • 




PNGase 




O-SGPase 



Figure la PNGase F-treatmcnt of HL60 ceUs blocks hin^in^ r« c ^ t. . . ^ 

represents oae of three similar experiments. ^ ^ ° ^""^ ^ determination. The depicted cxperimwS 



wi A <>sia^oglycoprotease only blocked the binding of cells 
to P-selectui-IgG but not to E-selectin-IgG (Fig. K S 
IS in agreement with the sensitivity of L P-ilectin Ueaid 
and the reststan^ of the E-selectin Ugand to this e^j^e w2 
^nclude ttat both monospecific selectin ligands 2^ good 
candidates for cell adhesion ligands of P- a^E-selLf ~ 

Discussion 

Li this study w describe a 160-kD glycoprotein ligand for 
Pjselectm on two myeloid cell hnes and mouse neuSophils 

150-kD E-sel^ hgand which is also present on these 

f » sP«=ific foV only one of 

nvo endotheUd selectins. In addition to these ligZs^ 

^ ,<n 1^^'!!*='' ''"^ *° endothelial selectins. 

smce Aq, bmd m a Ca-^lependent feshion. biad4 «- 

mg to tfteCIX-lgG control protein was observed Since both 
bgan J arc specific fi,r only one of the two endoAeuileli 
^. the structural entities on each ligand whidJ .SS- 
nizedbyth respective selectin must be diflferent^s 



De selecuve for drfletent structural elements. Furthermore 

2n?rr?' "^^^ carbohS^S 
chains for buiding to the respective selectin. Although S 

demonarates the lectin-typecl^cter of die binSg .fecJ^ 
lusms. tfie necessity of N-linked carbohydrates for bSl 
clearly distinguishes this type of selecti/^liga^d-YnteraS 

jWU^ds IJce ti,e L-selectin ligands GlyOVlSiS 
cp34. They are heavily 0-glycosylated mucins which^ 

*^b»<'i'« tol-selecSTSe ,25: 
IcD Lgand for human P-selectin which was identifi^on hu 
man neutrophUs and HL60 ceUs (Moore « a? igwf U 
hjvUy sialylated on 0-linlced oligoWhSiSL a^idlS S 

Slirin ^ monospecific 150-kD and I60S 

selecan bgands represent Ae first examples of glycoDrotSn 
Ug^ diat require N-Unked oligosaccLdes 

In addition to the two monospecific ligands for E- and 

S S'h*?'"L5'"*' ^ SlycoprotelSif 2S and m 
kD which bud to both selectins in a Ca^^^koendent feci,u» 

sTiSe?'?''Vl.^£f-^^- «o*?-^t\^y" 
aa^hted. as judged from the decrease in electrophS 
mobUity caused by sialidase tieatment. and bSSJ He 



« «1. Uonoipteific and Cwwwn StUeMJgoKb 
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' "Sn^.^ ''"P^"' °" P"«^°<=« «f Sialic acid. In 
S) Si the t^vo monospecific ligands. the 230 and I sS 
W) hgands were only ^veakly detectable OS-ZO-fold weaker 
signals and could only be isolated from mouse neuSs 

^L^tlTr.^' ^? ""^ cl 3 and HL60 Sni 
from Amer. Type Culture Collection, sec below). The weak 
d«ecub.l.,y does not necessarily imply a low abunS,«1^ 
these protems on neutrophils. Othe/reasons for thTS- 
ne^of the signals could be a low turnover rate of the liZ^ 

It ,s hkely that the 130-kD glycoprotein which we isolated 

t^„Tu?K'l"^"'?P*''l'*'*'^*™°"'*«=«l^tin fusion pro- 
teins IS the homolog of the human 120-kD P-selecdn \£nd 

rnolecular weight show a similar strong decrease i^- 
uophoredc mobility after sialidase tr^Lent. and requS: 
sialic acd for the binding to P-selectin. In addiUon. thTS 
kp mouse ligand was susceptible to digestion with 0-sialo- 
glycoprotease as was reported for the human 120-kD P-selec- 
dn ligand (Norgard et al.. 1993), which is characteristic for 
dn Srrn'^ sialomucinUgand forhuman P-sel2- 

fLZ r^K"^.!^"^'^^ identified by expression cloning 
^Satoetal.. 993). Similar to the 120-kD Hgand described 

^nlSrdrer^-^''''^'^'^"^-'^^^^^^ 

f„iJ*HTlS'*'T"?r^l'**'^'*^230-and 130-kD ligands 
from HL60 celk of ATCC-origin. we detected protS^of 
sunilar size on the HL60 cells which we obtained from Ge- 

wS M??"f t^^"^-- "^"^ ^^"^ ^^'^ from 
™^nln r ""^^^"^ possibility that the 

J ^ ..t't; ligand-pair may be identical with PSGL-1 la- 
de^. HL60 cells from ATCC do not express PSGL-1 (Trudi 
Veldman Geneucs Institute, personal communication) 
1 Jm!,? arguments support the idea that the 150- and 

l^'^.J^°°°T^^^ 8°°^ candidates for cell 

adhesion ligands of the two selectins: First, both ligands are 

HI J'Smi"? rJS^*^ '^'^ °" 32 D cl 3 ceUs and 
i?^Mr i-Aibitory effect 

of PNGase F and endo F on the binding of these cells to the 
selectins correlates with the necessity of N-linked carbohy- 
drates on both ligands for selectin-binding. This is in line 
with results obuined by Ursen et al. a992). who fould Z 
toinK|amycm treatment of HL60 cells partially blocked the 
bindmg to P-selectin and E-selectin. Third. 0-sialoglyco- 
protease inhibits the binding of HL60 cells to P-selectin and 
degrades the I60-kp P-selectin Ugand. but does TJZ 
it »° E-selectin and does not cleave 

J"* v?'^ "sand. SimUarly. Steininger et al. 
(1992) found that this protease blocks HL60 binding to P- but 
not to E-selecun. 

o^^^ ^^f "^^ily of the 160-kD P-selectin Ugand to 0-sialo- 
glycoprotease.suggests that this protein is aglycosylated 
This does not necessarily imply that its O-linked carbohy- 

ol^nr ""^'"? P-^^'^n- Also other 

g ycoprotems, such as CD44 or CD45, are sensitive to 0-sialo- 
g^ycoprotease (Sutherland et al. . 1992). although they do not 
cany carbohydrates which support selectin-bmding How- 
ever, at present we cannot exclude that 0-Unked carbohy- 

tin SL** ^^^^ "^""^ ^ ^" 

The selectin ligands which we have described in this report 



i^™«5^1!' ^^««»t«^tegories.Thefimcategory 
s formed fay the two monospecific Ugands which eS b?^ 

hJlrii r^ i***'''^^* fof binding. TTus 

selectins to sialomucm-type ligands like GlyCAM-1 CD34 
1 f35^S"J^'"' P-selectin. TTie moS 

^ho^i^ ?K^r'f"" bave found as ligands 

on^£^?t^^''^ '^^^°' to the second catfgo^ 

S« S' ^?l?n^"'''2.^°-?■"^°8lycoprotease. the iLu 
eronce of N-lmked carbohydrates for selectin-binding and 
die^milanties ^een the 130-kD mouse protein and fte 
JcT" ^^"n-J'gand (Moore et al.. 1992) and 
PSGL-I (Sako et al 1993) suggest, that the 23b- and 13^ 
kD ligands are of the sialomucin-type. This type of ligand 
s^ms^not to be monospecific for one single lectin. S^o 
GlyCAM-1 can bind to L-selectin and E-selectin (Mebius 
a^d Watson. 1993; M. SteegmaierandD. VestSr^^;^ 
lished observation). For the sialomucin-type selectin li- 
gands. It has been suggested that the selectins may recognize 
common O-hnked oligosaccharides which are pTesS 

^ ^^^'^ ^"^'P" by fonning unique "clus- 
tered saccharide patches" (Norgard etal., 1993). Such clus- 
ters are probably not present on the 150-kD E-selectin U- 

f^l'f''^. " ? "".'I'^l"' '° 0-sialoglycoprotease. It will be 
important to idenufy the structural motif on the two m no- 
specific ligands which is recognized by each of the two selec- 
tins. The mvolvement of N-linked carbohydrates as well as 
the monospecificity for only one selectin argues for binding- 
sites on tiiese ligands which are differem Uom thoi Ae 
typical, sialomucin-type of ligands. 

Wh^er the different types of ligands, which are coex- 
pressejl on neutrophils, reflect differences in their physiolog- 
ic^ role IS sal unknown. TTie common ligand(s) Sn neutrl 
phils could aUow these cells to use one and the same 
mechamsm to bind to the two endotheUal selectins. The 
monospecifichgands could provide tiie basis for different 
functions which the two selectins may exert on neutrophils 
when they bind to the blood vessel wall. Indeed, bindbg of 

foo, ^ •• "^""^^ ^° ^"^'"^^ neutrophils (Lo et al 
199 ; Kuijpers et al.. 1991) while for soluble P-selectin in- 
hibitop dfects on the CD11/CDI8 dependent activatiok of 
neuto)phi s reported (Gamble et al.. 1990; Wong et al. 

Tnb^f"^T^ °! *^ fiinction(s) of tite 

denuded E- and P-selectin Ugands wiU be of central impor- 

A r**«^t»"ding of the physiological lole ofthe 
endouielial selecuns. 

we are grateful to Lore Lay for (he art work 

tio^ bSIT ""'"'^ ^ Founda- 

tion Blanceflor BoDcompagni-Ludovisi. 

R^dved for publication 24 August 1993 aiul in revised fonn 11 January 
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EXHIBIT L 



Pig. 1 



Aortic Sinus Lesions in LDL-Receptor -/- Mice on 
Atherogenic Diet for 8 Weeks 
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Fig. 2 



Atherosclerotic lesion in entire 
aortae of LDLR-deficient mice 
on diet for 22 or 37 weeks 



22 weeks 




PE+/+ PE-/- 
% area 39 19 
P < 0.006 



37 weeks 




PE+/+ PE-/- 
51.6 37.7 
P < 0.05 
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